Oxygen-derived free radicals damage the cellular structure of organism.
Organisms have a complex antioxidant structure, which protects them against the effects of the appearance of oxygen-derived free radicals. This structure includes antioxidant enzymes and nonenzymatic scavengers of free radicals. 3) Low-molecular-weight antioxidants are divided into two groups: water-soluble antioxidants, which protect the aqueous environment of the cells (cytoplasm and the aqueous environment inside cell organelles), and lipid-soluble antioxidants, which protect the inside of cell membranes. 3, 4) Ascorbic acid (AA) is the main water-soluble scavenger of oxygen-derived free radicals and an important antioxidant occurring in the extracellular compartment of an organism. It participates in the regeneration of vitamin E, which is the main lipid-soluble antioxidant. 5) It was demonstrated in vitro that ascorbic acid in the presence of Fe 3ϩ ions or of ethanol can strengthen the generation of the hydroxyl radical, OH · , and hydroxyethyl radical, CH 3 CHOH · .
6) It has not yet been confirmed unequivocally, however, whether its prooxidant properties can appear in vivo.
The aim of this paper was to study the effect of ascorbic acid and ethanol on the level of thiobarbituric acid reactive substances (TBARS) in the brain, liver, lungs and blood serum of albino BALB/c mice.
MATERIALS AND METHODS

Conducting the Experiment
Sixty male inbred albino BALB/c mice weighing about 25 g were used for the experiment and divided into 4 groups; the mice in each group were injected intraperitoneally (i.p.) once a day for seven consecutive days: Group 1. Control -saline (1 ml/kg body weight). There were 15 mice in each of the studied groups. The mice were fed on "LSM" granulated mixture for mice and rats produced by Fodder Concentrates and Mixture Mill -"AGROPOL MOTYCZ".
Blood was taken in ether anaesthesia from the orbital venous plexus and put into dry, sterile test tubes. In order to obtain the serum, the blood was left for 45 min. at a temperature of ϩ4°C, and after coagulation was centrifuged for 10 min at 12000ϫg.
The mice were killed by dislocating of the spinal cord and the liver, lungs and brain were taken for biochemical analysis. 250 mg of fresh tissue was homogenised with 2 ml 1.15% KCl in a glass Potter-Elvenhjem homogeniser.
The studies were approved by the Local Ethical Commission for Experiments on Animals.
Determining the Level of TBARS The concentration of thiobarbituric acid reactive substances in blood serum and in full homogenates from liver, lung and brain tissue was determined according to Buege and Aust 7) in Esterbauer and Cheeseman's later modification.
8) The method involves forming a colour complex between the resulting products of lipid peroxidation and thiobarbituric acid at a temperature of ϩ100°C and in an acidic environment. The maximum absorption of this complex occurs at a wavelength of lϭ532 nm. The results were not calculated as the concentration of malondialdehyde but were presented in the form of absorbancy, since other products of peroxidation, including aldehydes, also react with thiobarbituric acid, giving adducts that absorb light at a similar wavelength range.
Statistical Analysis The obtained results were analysed statistically using the one-way ANOVA test. Changes with a level of pϽ0.05 were considered as statistically significant.
RESULTS
The level of thiobarbituric acid reactive substances in brain, liver and lung tissues and in blood serum of the mice in all of investigated groups was statistically significantly higher than in the control group (Table 1 ). Significant differences in TBARS concentration in the investigated tissues of the mice were also revealed between group 2 and 3, 2 and 4 as also 3 and 4. Only in blood serum difference in the content of TBARS between the group of mice which were given H 2 O 2 with FeSO 4 and the group which was injected with ascorbic acid was not statistically significant.
The greatest increase, of 127%, (pϽ0.001) in the level of TBARS in comparison to the control was observed in the blood serum of the mice from group 4, which were injected with ascorbic acid with ethanol, and the smallest increase, of 1%, was observed in the liver of the mice from groups 2 and 3 ( pϽ0.05 and pϽ0.001 respectively). The highest content of TBARS in blood serum, and brain, liver and lung tissue was observed in the mice which were given ascorbic acid with ethanol (group 4).
DISCUSSION
The conducted studies revealed the prooxidant action of ascorbic acid. These properties probably result from the fact that AA can reduce the ions of transition metals, e.g. Fe 3ϩ to Fe 2ϩ , or Cu 2ϩ to Cu ϩ . 9) The reduced ions of these metals reduce oxygen to superoxide radical (O 2 Ϫ · ) and hydrogen peroxide (H 2 O 2 ). However in Fenton's or Haber-Weiss's reaction, O 2 Ϫ · and H 2 O 2 can generate a hydroxyl radical (OH · ). The hydroxyl radical is characterised by the greatest reactivity of all the oxygen-derived free radicals and can initiate the process of lipid peroxidation. 6) In mice from group 2, which were injected with H 2 O 2 and Fe 2ϩ (FeSO 4 ), the increase in the content of TBARS in blood serum was similar to the level of TBARS in mice from group 3, which were given AA (an increase of 58% in group 2 and 59% in group 3). H 2 O 2 ϩFe 2ϩ (FeSO 4 ) is a hydroxyl radical generating system. 6) These results therefore testify to the fact that it is mainly the hydroxyl radical that is responsible for peroxidation of the lipids present in the blood serum of the studied mice. The lowest increase in the level of TBARS after administering AA was observed in the mice's liver. This is probably connected to the rapid metabolic rate and to the high degree of activity of the antioxidant enzymes in the cells of liver tissue. 3) Various studies point to the antioxidant action of ascorbic acid. 3, 10) There are, however, studies in which AA and Fe 2ϩ ions are used as an induction system for lipid peroxidation.
11)
These differing results may be explained by a study by Stadtman 9) in which it was demonstrated that ascorbic acid, especially in combination with vitamin E, prevents damage caused by reactive forms of oxygen. On the other hand, in the presence of ions of Cu 2ϩ , Fe 3ϩ or oxygen this compound can generate free radicals. Chen, 12) however, demonstrated that the pro-and antioxidant action of AA also depends on its concentration; a low concentration acts as an antioxidant.
The highest level of TBARS is displayed in mice injected with ascorbic acid and ethanol. Ethanol is one of the factors inducing the formation of reactive forms of oxygen. 13) An increased ratio of NADH: NAD ϩ in the mitochondria, accompanying the metabolisation of ethanol, leads to the strengthened generation of superoxide radical. 13) This is the result of a higher than the usual one-electron reduction of oxygen in the respiration chain, which leads to the generation of O 2 Ϫ · . Strengthened lipid peroxidation under the influence of ethanol was also demonstrated by Kotch et al. 14) on mice embryos.
These studies confirm the prooxidant action of ethanol and testify to the fact that ascorbic acid can also stimulate lipid peroxidation in vivo. Vol. 25, No. 7 
